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ABSTRACT

BACKGROUND: Prostate cancer is the second most significant cause of male mortality, beneath lung cancer. Prostate-specific antigen (PSA) and
digital rectal examination (DRE) play the most critical roles in identifying prostate cancer, and their use has risen with the incidence of prostate
cancer worldwide. Cancer-specific mortality has been reduced as a result of these tests. On the other hand, the PSA and DRE led to overdiagnosis,
overtreatment, and inappropriate prostate cancer testing. This situation led to modifications in prostate cancer recommendations, most
notably by the US Preventive Services Task Force (USPSTF) in 2012.

OBJECTIVES: This study evaluated the infrared transmittance of transrectal prostate biopsy tissue to see a possible difference between the total
and biopsy tissue. We also saw variations based on the total of Gleason's scores. To fulfill the stated aim, in the following tasks, (i) we investigated
the relationship between prostate tissue resolution and radiation wavelength in the spectrum's infrared area, and (ii) elaborated software that
allowed the received images to be processed in an infrared environment and detect prostate cancer tissue with a 95% confidence interval.
METHODS: 174 formalin-fixed and paraffin-embedded (FFPE) cases (prostate biopsies) were included in the study. There were five groups based
on Gleason score (GS 6 [3+3], GS 7 [3+4], GS 7 [4+3], GS 8 [3+5], [4+4], [5+3], and GS 9 [4+5] and 10 [5+5] were combined). After the infrared
exposition of each FFPE biopsy sample, our algorithm generated the image. Furthermore, the findings were matched to histomorphology
reports. We employed the software's integrated statistical analysis and students' t-distribution.

RESULTS: The experiment revealed that when the Gleason score sum was 6 (3+3) and 7 (3+4) or 7 (4+3), image intensities in the infrared
environment were almost indistinguishable from each other with 95% confidence, which cannot be said for prostate tissue with a higher Gleason
score sum (8 (4+4; 3+5); (5+3) and 9-10). However, these changes were not evident in the first three groups since the experiment was
conducted on biopsy material with a tissue thickness of 1 mm.

CONCLUSIONS: Infrared radiation can identify prostate cancer in prostate biopsy tissues. However, further investigations are needed to validate
the modality's effectiveness for prostate cancer diagnosis.
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BACKGROUND

rostate cancer, after lung cancer, is the second largest

cause of mortality among males.! Prostate-specific

antigen (PSA) and digital rectal examination (DRE)
play critical roles in diagnosing prostate cancer, and their use
has increased the incidence of prostate cancer worldwide.
Cancer-related mortality has been reduced as a result of these
screening procedures. On the other hand, the PSA and DRE
cause overdiagnosis, overtreatment, and unnecessary
prostate cancer testing, leading to modifications of prostate
cancer recommendations, most notably by the US Preventive
Services Task Force (USPSTF) in 2012.7* There has been a
significant reduction in PSA testing in the United States since
these recommendations were published, along with a
decrease in the detection of localized prostate cancer and an
increase in the diagnosis of locally progressed and metastatic
disease.’
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We investigated the relationship between prostate tissue
resolution and radiation wavelength in the spectrum's infrared
area to achieve the stated aim. We also elaborated on the
software, allowing us to receive images after infrared radiation
to detect prostate cancer confidently.

In 2017, 5 years after the publication of the USPSTF 2012
guideline, there was a rise in prostate cancer "specific
mortality" rates and late disease identification in different
countries.®® Prostate cancer is now Europe's third biggest
cause of mortality in males.»*%°

As a result, imaging modalities of the prostate gland
become essential in diagnosing and monitoring prostate
cancer.

Our group proposed using infrared rays to visually detect
prostate cancer as an alternative and less expensive diagnostic
approach than widely-used multiparametric magnetic
resonance imaging (mpMRI).1*1°
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We intend to investigate the infrared transmittance of
transrectal prostate biopsy tissue to determine the difference
between whole prostate tissue and biopsy tissue.

METHODS
174 formalin-fixed and paraffin-embedded (FFPE) cases
(prostate biopsies) were included in the study.

The experimental material was obtained postoperatively
(transvesical adenomectomy and radical prostatectomy) from
patients with benign prostatic hyperplasia and prostate cancer
(Tab.1).

TABLE 1. Distribution of formalin-fixed and paraffin-embedded (FFPE) cases by
Gleason score

Gleason Gleason Gleason Gleason Gleason
score 6 score 7 score 7 score 8 score 9,10
(3+3) (3+4) (4+3) (4+4) (4+5), (5+5)
55 42 31 22 24

Overall, 174 cases

Each FFPE was clamped, and the infrared beam was
transmitted through the prostate gland tissue, passed through
the lens of the charged-coupled device (CCD) camera, fell on
the active matrix of the CCD camera, and transformed into
electronic signals (this phenomenon is quite similar to the
conversion of light hitting the retina into nerve impulses)
transmitted to a computer, where the incoming electrical
signals were transformed into visual pictures by special
software.

The information from the CCD camera was processed to
256 different levels based on brightness. Ultimately, the "dark"
image (corresponding to the state in which prostate tissue
absorbs infrared light) was assigned a zero level. Level 255
corresponds to the fact that the prostate does not absorb
radiation, and the source infrared light penetrates the CCD
chamber. After displaying an infrared image of the prostate on
a computer screen, the program identified spots related to
cancer and assigned the appropriate code (Fig.1). Healthy
areas were also identified under a different code.*®

FIGURE 1. The formalin-fixed and paraffin-embedded (FFPE) prostate biopsy
material visualized by computer software

The program automatically calculated each designated
point's corresponding intensity and average value. The process
was repeated for visible areas of healthy tissue. The algorithm
then computed the ratio of these average intensities. This
method was repeated for each subsequent biopsy material
and compared with data stored in memory. The computer
then computed 90, 95, and 99 percent confidence intervals.
When analyzing a new, undiagnosed postsurgical biomaterial,
the diagnosis was made by automatically calculating the
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intensity ratio and comparing its compatibility with the
recorded standardized data (a fall in the confidence interval of
95% was confirmatory). In addition, computer analysis data
were compared with histomorphological results.

All formalin-fixed and paraffin-embedded (FFPE) cases
were distributed among five groups by the sum of the Gleason
score and the image intensity range (minimal to maximal).

The Statistical Package for Social Sciences (SPSS, version
22) software was used for statistical analysis. Continuous
variable differences across groups were compared using a
student's t-test. A p<0.05 value was considered statistically
significant.

RESULTS
Table 2 represents the characteristics of the different groups.

TABLE 2. Group characteristics by the sum of the Gleason score and the image
intensity range

Group 1 Group 2 Group 3 Group 4 Group 5
n=55 n=42 n=31 n=22 n=24
Gleason 8 (4+4), 9 (4+5)
score 6(3+3) 7(8+4) 7(443) (3+5), 5+3) 10 (5+5)
Intensity
(low to 0.82764 0.81308 0.74318 0.68230 0.65590
high) 0.88185 0.87645 0.87267 0.71677 0.70144
18

Figure 2 shows the ranges (minimal to maximal) of image
intensities in the different groups of formalin-fixed and
paraffin-embedded (FFPE) cases.

FIGURE 2. The ranges of image intensities in different groups

=== \inimal intensity Maximal intensity

0,9
o ’—\o\v_
0,7
v
0,6
0,5
0,4
0,3
0,2
0,1

GROUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5

The Georgian Biomedical News

ISSN (Online): 2720-8796

ISSN (Print): 2720-7994

Downloaded from gbmn.org. For personal use only. No other uses without permission.
Copyright © 2022. All rights reserved.



== GEORGIAN BIOMEDICAL NEWS =

DISCUSSION

Our results demonstrate a distinct visible difference between
prostate cancer tissues with various Gleason scores.
Furthermore, the histomorphological evaluation confirmed
the changes described above.

In an infrared environment, we investigated prostate
cancer biopsy material. The experiment demonstrated that
when the Gleason score sum was 6 (3+3) and 7 (3+4) or (4+3),
image intensities in the infrared environment were almost
indistinguishable from each other, which cannot be said for
prostatic gland tissue with a higher Gleason score sum, such
as 8 (4+4), (3+ 5) or (5+3),and 9 (4+5) and 10 (5+5). In the
latest groups, infrared image intensity was low and close to 0
(dark area).

These differences were not apparent in the first three
groups because we used biopsy material with a tissue
thickness of 1 mm.

CONCLUSIONS

Infrared radiation can identify prostate cancer in prostate
biopsy tissues. However, further investigations are needed to
validate the modality's effectiveness for prostate cancer
diagnosis.
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